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I.    INTRODUCTION 

The overall goal of this combined experimental and theoretical pro- 
gram is to successfully and efficiently convert using scalable techniques 
the output of a high pow^r KrF laser into longer wavelengths so as to vastly 
improve its propagation characteristics. 

Since the first reported lasing of an inert gas halogen laserr  a num- 
ber of similar systems have demonstrated lading characteristics.    Operat- 
ing at various wavelengths,  with different efficiencies,  a major class of 
electronic transition lasers came into existence.    Recently,  analogous mer- 
cury halide compounds showing similar formation kinetics have been shown 
to läse in the visible, U» ^) albeit in high temperature {- 2750C) cells (see 
Figure 1).   However,  the most efficient laser  reported to date in this group 
is the KrF laser operating at 248 nm.    It has also produced the highest 
energy outputs reported utilizing e-beam pumping and e-beam controlled 
discbarge pumping and has a demonstrated capability for being scaled to 
high average power.    In certain applications,  especially those requiring 
transmission through the atmosphere,  its abort wavelength severely llmito 
its usefulness.    This limitation in propagation at short wavelengths arises 
due to absorption by atmospheric ozone and to Rayieigh scattering which 
increases as  X "* as the wavelength gets shorter.    Ozone absorption is 
severe for wavelengths <  3000 Ä. 

Figure 2 shows vertical transmission from a height of 3 km as a 
function of wavelength.   Also plotted are quantum efficiency of conversion 
from KrF wavelengths and the total percentage transmission of converted 
KrF radiation.    From the figure,  it is apparent that to efficiently utilize 
KrF laser radiation,  its conversion wavelength should be between 340 and 
400 nm to maximize its atmospheric transmission with minimal loss from 
quantum yield considerations.    Xenon fluoride lasers, while possessing a 
more attractive wavelength for propagation, have not yet demonstrated the 
combined efficiency and energy density comparable to KrF,    Any optical 
conversion scheme for altering the wavelength of KrF laser radiation to 
the 340 to 400 nm wavelength range could have higher overall efficiency 
than the XeF laser performance to date if the photon conversion efficiency 
is > 40%.    Such efficiency for conversion is a reasonable goal for the pro- 
gram we are discussing here.    For supporting evidence, one can look over 
the past year at a number of milestones that have been reported relevant to 
the optical conversion of UV excimer lasers.    With regard to overall con- 
version efficiency, an XeF laser has been converted, at near unit photon 
conversion efficiency, using barium vapor'^'.   Also, ArF and KrF have 

(1) Parks,   J.H., Appl.  Phys.   Letters 21,   192 (1977) 

(2) Parks,    J.H.,  Appl.  Phys.   Letters _3i,   297 (1977) 

(3) Djeu,  N.  and Burnham,   R. ,  Appl.  Phys.   Letters JO,  473 (1977) 
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betn converted to a series of UV-visible lines due to vibrational Raman 
processes in high pressur'1 molecular gases (e.g., H2) showing good over- 
all conversion efficiency^"*),    in view of the above,  it seemed reasonable 
and important to pursue scalable techniques that covJd efficiently convert 
KrF laser output to longer wavelengths.    Two nonlinear optical conversion 
techniques that we had considered to achieve these goals were stimulated 
Raman and parametric conversion processes. 

For the stimulated Raman process,  phenomenologically,  the accep- 
tor atom can be thought of 9 8 absorbing an incident KrF photon thereby 
making a transition to an excited virtual state and then,  with the emission 
of a Raman photon at longer wavelengths,  proceeding to a level near the 
ground (initial) state.    Through collisions with an efficient quenching gac, 
it can return to the initial state foi  subsequent re-excitation by the KrF 
laser field,  i.e.,  exhibit high efficiency by recycling the metal atoms.    The 
Raman process is enhanced when the virtual state is close to a real state. 

Another method o*. "down conversion" to lower energy,  longer wave- 
length photons applicable to UV laser light is parametric down conversion. 
In this process,  conversion is achieved by the utilization of the ncn-linear 
properties of the medium (the acceptor atom or molecules).    Here an atom 
in state  0 upon exposure ^o KrF laser light of frequency  vj   goes to a vir- 
tual state 1 and ve-emits three photons of frequencies \'2,   ^3  and w^ such 
that i/l s vg +   V3 f V4.    At the end of this process,  the atom returns to its 
initial state enti 'ely by optical transitions.    Once again,  if the various 
atomic transit:   JI

T
 (vj,   V2,   V3 and V4) in the acceptor are allowed and the 

dipole moments are large,  near resonant effects enhance the overall pro- 
cess such that efi.i:ient down-conversion should be likely. 

At AERL under this contractual effort,  theoretical and experimental 
research have been carried out on potentially efficient scalable schemes for 
converting KrF photons to longer wavelengths.    By theoretical calculations, 
we have identified a number of promising candidates to convert the KrF 
laser radiation to longer wavelengths using stimulated Raman and para- 
metric processes. 

In that many of the candidates identified by this program as useful 
conversion systems are refractory metals (see Table 1),  it was the ap- 
proach of this contract to generate the needed densities by the dissociation 
of organometallic compounds e.g.,  Pb (€1-13)4.   cycla-pentadienyl trimethyl 
platinum,   Fe(CO'l5,   etc.    The results of these experiments were quite 
successful and have been summarized in an earlier semi-annual technical 
report'^).    In addition,  the theoretical effort provided needed calculations 
of the stimulated Raman emission cross sections for the various atomic 
acceptor candidates(5) and also the nonlinear susceptability for the para- 
metric conversion processes.(o) 

Loree, T. R. 
37 (1977), 

Sze, R.C. and Barker, D, L, , Appl. Phys. Letts., 21- 

(5) 

(6) 

Trainor, D,W, and Mani, S.A., Optical Conversion Processes, Contract 
No. N00014-76-C-1162, Semi-Annual Technical Report, 15 Sept. 1976 to 
15 March 1977. 

Trainor, D.W. and Mani, S.A., Optical Conversion Processes, Contract 
No.  N00014-76-C-1162,   Semi-Annual Technical Report,   1 5 March  1977 
to 15 Sept.   1977, 8 

.»•Ji™ 



TABLE 1.    POTENTIAL CONVERSION CANDIDATES AND 
THEIR OUTPUT WAVELENGTHS 

Candidate Conversion Process 
Output Wavelength 

\ ,  nm 

Iron Stimulated R.aman 300,   304 

Calcium 544 

Palladium 332 

Platinum 322 

Lead 309 

Hydrogen 277,  313,   360 

Tha Ilium Paramet-ic Down 
Conversion 

- 380 

Lead ti                ii - 364 

Mercury II                II ~ 376 

Lithium II                II -680 



Under this program, we modified a commercial KrF laser (Tachisto, 
Ncedham,  MA) to provide a focused output of nearly 10^ watts/cm^ and used 
this laser to convert to wavelengths near 300 nm using atomic iron f.s the 
acceptor cttndidateC7).    A technical paper describing this work is included 
as Appendix A.    In addition, we were able to demonstrate laser action in 
the organo-metallic precursor (i.e.,  the Fe(CO)5).    This reprv.sent8 a 
likely laser pumped photodissociation process followed by inversion of a 
photofragment produced in the initial step.    A technical paper   'escribing 
this system is included in this report as Appendix B. 

We were in the process of evaluating other stimulated Raman can- 
didates as well as beginning experimental investigations into lasing the 
parannetric candidates when the funding for this technical program expired. 
The status of these «.xperiments is summarized :.n the following sections of 
this final report. 

{7'»   Trainor,  D.W.  and Mani,  STA. ,   30th Annual Gaseous Electronics 
Conference,  Palo Alto,  California,   20 Oct.  1977,  Paper LA-3. 
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II.    THEORETICAL CALCULATIONS 

In addition to the calculations reported in the previous two semi- 
annual reports, (5| o) further theoretical work was carried out on the para- 
metric down conversion of KrF using lead atoms in the gaseous state as 
the acceptor candidate.    The calculation of the non-linear susceptibilit' , 
^(3),   proceeds in a fashion akin to that outlined in Ref.   6.     The energy 
levels involved in the p^-     metj ic process are shown in Figure 3.    Although 
the relevant parametric t .ocess starts from the 3Pj metastable state of 
the Pb atom,  there will oe <.\ large population of the ground state 3

PQ atoms, 
which while not participating in the parametric process,  contribute to the 
linear rexractive index of the waves.    This feature about lead allows phase 
matching to be achieved intrinsically for collinear propagation of the four 
waves.    Figures 4,   5,  and 6 give the phase mismatch as a function of out- 
put wave number !or the ^PQI   ^PI 

and    ^2 atoms respectively.    Assuming 
Boltzmann equilibrium between the various levels at a given temperature, 
it is possible to calculate the output wave number as a function of tempera- 
ture for exact phase matching.    This is shown in Figure 7. 

Calculations of the conversion efficiency for Pb were discussed in 
Ref. 6. Compared with Pb, both Li and Tl appear to be better candidates 
for ease of demonstration of lasing using the parametric down conversion 
of KrF laser radiation. 

11 
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III.    CANDIDATE EVALUATION AND STATUS 

A. PLATINUM 

Atomic platinum offered the potential of shifting the KrF output to 
propagating wavelengths with good quantum yield (see Figure 8).    We have 
demonstrated the ability to produce reasonable densities of atomic platinum 
by the discharge dissociation of platinum acetyl acetonate in 50 torr of 
neon, (') however,  the disadvantages for demonstration of lasing proved to 
be difficult to overcome with the pump laser available.    As discussed in 
our earlier semi-annual technical reports, (5, 6) a figure of merit to calcu- 
late total gain for a diffraction limited beam is the pump laser power divided 
by the bandwidth.    For the modified Tachisto,  its likely to be near   2 x   10^ 
watts over  ~ 100 cm"l,    Foi- these laser performance characteristics and 
the achievable atom densities (> 5 x 1013 atoms/err^),  the total stimulated 
Raman gain for the atomic rlatinum is calculated to be less than one.    Dem- 
onstration of lasing would, therefore be likely only if improvements in the 
pump laser could be realized or a cavity made for enhancement of stimulated 
emission. 

As in the case of iron, (5) platinum also has the potential for possible 
direct optical pumping,  in addition to nea r - re s ona nt stimulated Raman pump- 
ing.    Since the bandwidth in the Tachisto pump laser extends over several 
Angstroms,   some part of the laser output is in resonance with an atomic 
resonance line of platinum.    We looked quickly, therefore,  for some evidence 
of conversion via this mechanism.    The results of these experiments showed 
no evidence of stimulated emission in the visible or near UV wavelength re- 
gions.    Continued effort with platinum would require some improvement in 
the output power and/or bandwidth of the pump laser.    For example,  the per- 
formance characteristics of a 1 meter KrF laser developed at AERL(8) are 
1. 7 x 10" watts over 35 cm" 1 and lasing demonstration using this device 
would be significantly more tractable for many of these candidates. 

B. PALLADIUM 

This conversion candidate is similar in many respects to platinum in 
that calculations suggest the possibility of stimulated Raman conversion of 
KrF to wavelengths near 332 nm.    We have purchased an organo-metallic pre- 
cursor to use for the production of atomic palladium,   namely palladium (11) 
2, 4-pentanedionate (Alfa products).    These experiments were about to be 
undertaken using the discharge production technique. 

C. CALCIUM 

This candidate offers the possibility of thermal production of reason- 
able densities and conversion to a visible wavelength (554 nm).    There should 

[8)   Mantjano,   J.A.,   Jacob,   J. H. ,  and Hsia,   J.C.,   9th Winter Colloquium on 
Quantum Electronics,   Park City,  Utah,   February 14-18,   1977. 

17 
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be no competing direct (resonant) pumping as KrF is approximately 1500 cm-! 
off resonance from the scattering state participating in the Raman process. 
A test heat pipe was constructed from quartz using a stainless steel screen 
as a wick for the working fluid.    Calcium pellets (Alfa products) were placed 
in the center of the heat pipe and this central action was heated to nearly 
1300oK over a period of several hours.    Since the Raman pump transition is 
far from any resonance, to achieve high total gains,   substantial quantities of 
calcium is needed;(o) temperatures near 1500oK would thereby offer consid- 
erable improvement.    This,   however,  is outisde the working range of a quartz 
heat pipe.    A heat pipe constructed from steel would be necessary for addi- 
tional study.    This heat pipe was designed and was in the process of fabrication. 

D. THALLIUM 

This parametric candidate is also amenable to thermal production and, 
in anticipation of experimental production in a heat pipe, thallium metal was 
purchased for these investigations.    A complete discussion of the relevant 
cross sections,  susceptability,  phase matching,  etc.  for thallium was pres- 
ented in Ref.   6. 

E. LITHIUM 

Another attractive candidate for KrF conversion is atomic lithium, 
where once again experimental investigations can be conducted producing 
lithium by thermal sources.    Lithium metal was purchased and a heat pipe 
was designed for use in these experiments. 

F. IRON PENTACARBONYL 

This lasing compound was discussed in some detail in a previous semi- 
annual report(6) and a technical paper is included as Appendix B of this final 
report.    This compound offers the possibility of efficient laser output at a 
variety of wavelengths.    It also represents an example of a class of compounds 
which could show similar characteristics (e.g.,  Ni(CO)4,   Cr(CO)/,  etc.). 
Experiments to measure conversion efficiency in a transverse pumped geom- 
etry were being undertaken as forward scattered measurements were not an 
ideal pumping configuration.    Additional investigation into the effect of varying 
the ligands of the parent compound on the output wavelength may also prove 
rewarding.    The results of these experiments suggest the possibility of greatly 
simplifying the overall project with regard to the engineering aspects of a large 
scale converter.    More work is needed in this new area. 

19 
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IV.    SUMMARY 

Considerable success in the identification, evaluation, production 
and demonstration of lasing in a number of optical conversion candidates 
has been attained.    Viable candidates to successfully convert the output of 
a high power KrF laser into more propagating wavelength regions have 
been identified and methods to scale to high average power have been con- 
sidered.    Lasing action in atomic iron and in iron pent?carbonyl has been 
demonstrated. 

21 
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APPENDIX A 

KrF LASER PUMPED ATOMIC IRON LASER 

Daniel W,  Trainer and Siva A,  Mani 

ABSTRACT 

A technique for producing stimulated emission in an optically 
pumped atomic iron system at room temperature is described.     The 
required iron density (~ 10^4 atoms/cm3) for single pass amplified 
spontaneous emission was produced at room temperature by two tech- 
niques:   a low pressure (50 torr) discharge of iron pentacarbonyl and 
neon and by the flash photo-decomposition of Fe(CO)5 in an argon buffer, 
A commercial KrF laeer producing output powers of up to 1 MW was 
modified to improve the beam quality, and the beam was focused into 
the reaction cell.    Resonant processes involving the Sd^ 4s 4p (^F0) in- 
termediate state of iron and the KrF laser field (X w 248 nm) produced 
stimulated emission near 300 and 304 nm in agreement with theoretical 
predictions. 

A preliminary report of this work was given at the 30th Annual 
Gaseous Electronic Conference,   Palo Alto,  California,   20 October 1977, 
Paper #LA-3. 

A-3 
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I.    INTRODUCTION 

Over the past few years,  a number of new lasers have been reported, 
lasers that are similar in their formation kinetics and the nature of the 
states involved in the lasing transition.    These include the rare gas mono- 
halides, (1-6) molecular halogen, (7-9) and mercury halidef10. U' lasers. 
Many of these laser systems possess strongly bound,   ionic upper states and 
weakly bound or even repulsive,   covalent lower states.    Typical of each of 
these classes are ArF (193 nm),(l2) li (342 nm)!8) and HgCC   (558 nm).(10) 
Since their initial lasing,  many of the ultraviolet lasers have been shown to 
be efficient,   scalable, high power laser systems and therefore considered 
for a variety of practical applications.    Many such applications require al- 
ternaue wavelengths,  and experimental and theoretical efforts were under- 
taken to shift their outputs into more useful regimes. 

In order to convert these lasers output to longer wavelengths,   some 
acceptor candidate is necessary to provide a perturbation so as to alter the 
scattered photons energy.    For stimulated Raman concepts,  molecules may 
provide vibrational states for conversion whereby the scattered photon loses 
(Stokes) or gains (anti-Stokes) energy from the vibrational contribution. 
These processes occur through a virtual state that is far from any resonant 
state.    In atomic electronic Raman scattering or direct optical pumping, 
increased cross sections can be realized if the virtual state is near-resonant 
or resonant with a real state and is accessible via allowed transitions from 

(1) Ewing,  J.J.  and Brau,  CA.,   Phys.  Rev.  A12,   127(1975). 

(2) Velazco,  I.E.  and Setser,  D.W.,  J.  Chem.  Phys, , j)2,   1990(1975). 

(3) Brau,  C.A. and Ewing,  J.J.,  AppL  Phys.   Lett. Ji7,  435 (1975). 

(4) Ewing,  J.J.  and Brau,  CA.,  Appl.  Phys.   Lett.  27,   350 (1975). 

(5) Searles,  S.K.  and Hart,  G.A.,  Appl.  Phys.  Lett.  27.   243 (1975). 

(6) Ault,  E.R.,   Bradford,  R.S.  and Bhaumik,  M. L. ,  Appl.  Phys. 
Lett. _27,  413 (1975). 

(7) McCusker,  M.V., Hill,  R.M. Huestis,  D.L. ,   Lorents,   D.C, 
Gutcheck,  R.A.  and Nakaro, H.H.,  Appl.  Phys.   Let*. _27,   363 (1975). 

(8) Ewing,  J.J.  and Brau,  CA.,  Appl.  Phys.   Lett. _27,   557 (1975). 

(9) Murray,  J.R.,  Swingle,   JC.  and Turner,   O.E.,  Jr.,  Appl.  Phys. 
Lett. _28,   530 (1976). 

(10) Parks,  J.H.,  Appl.   Phys.   Lett. _M.   192(1977). 

(11) Parks,   J.H.,  Appl.  Phys.   Lett, _3i.   2^1 (1977). 

(12) Hoffman,  f.M. , Hays,  A.K. and Tisone,  G.G., Appl.  Phys.   Lett. J18, 
538 (1976). 
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a populated initial state (e.g.,  the ground state).    Another consideration, 
besides seeking a near-resonant transition at the pump laser wavelength, 
is the energy of any scattered photon,  i.e.,  does the real state couple to 
any lower lying states via transitions with high probability and at desirable 
wavelengths. 

(1 3) For example,  Djeu and Burnham converted the out->Ui of an XeF 
laser (351  nm) to near 585 nra using electronic stimulated Rai  an techniques 
witn barium vapor produced in a heat pipe.    Loree,   Sze,  and ^Jtrker^*) 
have used molecular Raman transitions to shift the output of ArF (193 nm) 
and KrF (248 nm) to a series of lines in the region 190-360 nm aaing high 
pressure gases (e.g., H2).    In addition to the Raman experiments,   Burn- 
ham'15) has reported stimulated emission from atomic indium at 451 nm by 
the photodissociation of indium monoiodlde vapor using an ArF laser.    Re- 
cently,  Schimitschek,  Celto and Trias^°' have observed molecular rlec- 
tronic inversion on the B2 Z+  -♦ X2z+ transition of the HgBr radical by 
photodissociating HgBr?, with an ArF laser.    In our laboratory, we have 
observe^ lasing in iron pentacarbonyl when irradiated by a high power KrF 
laser. 'I ''   For KrF conversion (248 nm),  many atomic acceptor candidates 
are refractory metals,   e.g.  iron,  platinum,   etc. 

To produce sufficient densities of refractory metals for conversion 
experiments, we opted to utilize techniques involving the decomposition of 
organo-metallic compounds.    Earlier experimentation showed that reason- 
able densities of a number of metals could be produced by the flash photo- 
decomposition of compounds like Pb(CH3)4, do, 19) Bi(CH3)3t20' 21^ and 
CuC?  or CuBr. l22)   Iron pentacarbonyl had been similarly utilized to pro- 
vide kinetic rate constant information on the J-state sublevels of the ^0° 
states of atomic iron. (") 

(13) Djeu,  N. ,  and Burnham,   R. ,  Appl.  Phys.   Lett. JH),   473,   (1977). 

(14) Loree,   T.R.,   Sze,   R.C.  and Barker,   D.C.,  Appl.  Phys.   Lett.   31, 
37 (1977). 

(15) Burnham,  R,, Appl.  Phys.  Lett. _30.   I32 (1977). 

(16) Schimitschek,  E.J.,  Celto,  7.E.  and Trias,  J.A.,  Appl.  Phys.   Lett. 
_3i, 608 (1977). 

(17) Trainor,  D.W.  and Mani,  S. ,   (submitted Appl.  Phys.   Lett.) 

(18) Ewing,  J.J.,   Trainor,  D.W.,  and Yatsiv,   S. ,  J.  Chem.  Phys.  61, 
4433 (1974). 

(19) Trainor,  D.W.,  and Ewing,  J.J.,   J, Chem.  Phys._64,   222 (1976). 

(20) Trainor,  D.W.,  J.  Chem.  Phys._66, 3094 (1977). 

(21) Trainor,  D.W.,  J. Chem.  Phys. _67, 1206 (1977). 

{Z2) Trainor,  D.W.,   J.  Chem.  Phys.  64, 4131  (1976). 

123)   Callear,  A.B.  and Oldman,   R.J.,  Trans.   Far.  Soc.  6^,   2888 
(1967). 
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We report here the results of these experiments whereby single 
pass amplified spontaneous emiseion from atomic iron produced from the 
decomposition of Fe(CO)5 Jnd pumped by a KrF laser was observed.    ?<.ts- 
onant processes involving the 3d° 4s 4p (^F0) intermediate state of iro i and 
the KrF laser field (248 nm) produced stimulated emission near 300 and 
304 nm in agreement with theoretical predictions. 
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II.    EXPERIMENTAL 

Our flash photolysis equipmert has been described in detail in 
earlier publications(18-22) (3ee Figure A-l).    It consists of a 45 cm long 
reaction cell (1.8 cm I.D.) constructed of suprasil quartz with quartz win- 
dows fused to the cell itself.    Surrounding and parallel to the reaction cell 
are 8 linear suprasil quartz flashlamps.     Typical energy (1/2 CV2) sup- 
plied to each lamp is 50 joules. 

In addition to producing atomic iron using flash photolysis techniques, 
we used low pressure glow discharges of Fe(CO)5 in neon to produce the 
needed iron densities.    The discharge cell was constructed by fusing togeth- 
er two metal to glass seals and attaching window holders (see Figure A-2). 
In this way, the metal ends acted as electrodes for the dischargu which was 
produced by dissipating the energy stored in a 0.02 juf capacitor charged to 
20 kV.    This approach of using discharge dissociation of organo-metallics 
has been used by Chou and Cool(^4) to produce new laser transitions at 24 
wavelengths from 9 different metals.   Also,  Gabai et al. (25) used discharge 
dissociation techniques to homogeneously oxidize acetylene or cyanogen con- 
taining tetramethyl lead to produce significant populations of lead meta- 
stable states.    It is a versatile technique applicable to many similar systems. 

The pump laser used in these experiments was a discharge initiated 
KrF excimer laser (Tachisto Corp.,  Needham, MA).    As  delivered, the 
laser provided approximately 50-60 mj of 248 nm photons in a 20 nsec 
pulse with a stated beam divergence near 4 mrad.    One and two shot expo- 
sures of the output were analyzed by microdensitometer traces of a photo- 
graphic plate to obtain the spectral width and it was found to be near 10^ 
(-160 cm-1 fwhm).    The output is rectangular approximately 15 mm x 4 mm. 
To achieve high flux,  it was necessary to improve the laser beam quality so 
it could be focused tightly.    This was accomplished using the techniques 
described by Barker and Loree(26) and consisted of replacing the supplied 
output coupling mirror with a 50 cm fl plano-convex lens   (suprasil).    This 
provided an unstable cavity configuration of good beam quality which focused 
nearly 50 cm from the Tachisto exit port.    Typical output was near 30-40 
mj in 20 nsec which when focused provided nearly a gigawatt/cm^, 

A typical experimental arrangement is shown in Figure A-3 where 
the output of the KrF laser is shown focused into the discharge cell.    The KrF 
output was monitored for shot to shot variations by a photodiode and the 

(24)   Chou,  M.S. and Cool,   I.A.,  J. Appl.  Phys. 47.   1055 (1976). 

U5)   Gabai, A.,  Rokni,  M. ,  Shmulovich,  J.  and Yatsiv,   S, ,  J.  Chem, 
Phys. _67,   2284 (1977). 

(26)    Barker,   D. L. and Loree,  T.R., Appl.  Opticsjjj,   1192(1977). 
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total energy by an energy meter (Scientech model 362).    The converted KrF 
photons were monitofed in the forward scattered direction by a calibrated 
photodiode with discrimination against 248 nm being accomplished through 
use of a 99% reflecting mirror (248 nm),  as well as chemical and narrow 
bandpass filters.    Total signals below pliotodiode saturation levels were 
maintained through use of neutral density filters. 

With the discharge or the flash reaction cell,  the production and de- 
cay of any atomic iron produced could be monitored by using resonant ab- 
sorption techniques.    The light source consists of an iron hollow cathode 
(Glomax,  Barnes Engineering) and a mechanical shutter,  monochromater/ 
photomultiplier detection system for monitoring the resonance line chosen 
for the time-resolved absorption measurements. (27)   Typical ground state 
metal atom densities achievable were near 1013  -iQl'* atom/cm3 for the 
discharge and lOH -1012 atoms/cm3 for the flash photolysis approaches 
respectively. 

The iron pentacarbonyl (Alpha Products) was subjected to several 
freeze-pump-thaw purification cycles before dilution with the appropriate 
buffer gas.    Neon (Cryogenic Rare Gas Laboratories,  99.99%) and argon 
(Liquid Carbonic,  99.98%) were used without further purification. 

(27)   Yatsiv,  S. and Ewing,  J.J.,  Rev.  Sei.  Instrum. _45,   705 (1974) 
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III.    RESULTS AND DISCUSSION 

As a check on our overall system, we o'-U-J to repeat the molecular 
Raman conversion experiments of the LASL group^^) Uging a 60 cm x 3.8 cm 
dia    stainless steel cylinder filled to near 10 atm with hydrogen.    We were 
able to observe 4 or 5 Stokes shifted lines as well as one anti-Stokes transi- 
tion using a simple prism spectrograph and Polaroid film for observation. 

Similar experiments were then undertaken with the atomic iron as 
the converter.    Some typical data are shown in Figure A-4.    From the atomic 
absorption data,  it can be seen that the ground state (^4) reaches a maxi- 
mum density near 300 jjsec following initiation of the discharge.    By using 
suitable delay components,  we fired the KrF pump laser at the time where 
the [Fe] was maximum.    The pump laser time history is shown in the top 
trace and represents typically 30 mj of KrF photons.    The converted output 
near 300 nm is shown in the same oscillogram and indicates a pulse of some- 
what shorter duration.    These and other data taken with the calibrated photo- 
diodes showed that approximately Z% of the pump laser energy was converted 
to output near 300 nm.    Additional converted output would require increased 
atomic iron density or the use of each atom produced more than once. 

As a check on the optimum time to delay the laser relative to the dis- 
charge production,  we probed the reaction cell with the laser pulse at vary- 
ing times from the discharge.    The results are presented in Figure A-5 
where maximum converted output from the photodiode signal is seen to occur 
near 200 to 300  jjsec in good agreement with the atomic absorption data. 

Replacing the photodiode detector with a prism spectrograph showed 
the lasing to occur over four lines (see Figure A-6).    This corresponds to 
atomic iron transitions\28) as shown in Figure A-7.    We were also able to 
check the varying spectral output by probing the discharge at different delay 
times and then determining the intensities of the various lines through den- 
sitometer traces of the photographic plate.    The data are plotted as intensity 
peak height (in arbitrary units) vs time on a semi-logarithmic scale in Figure 
A-8.    From these data,  it is readily seen that the 300 nm transition shows 
the greatest output and persists with decreasing iron density for longer times. 
This is consistent with the total gain calculated for this transition and re- 
flects the higher density in the lowest spin-orbit state as well as its larger 
transition probability. 

In addition fo these experiments using the discharge cell,  we investi- 
gated lasing when the iro ' was produced by the flash photodecomposition of 
iron pentacarbonyl.    A comparison of flash vs discharge experimental re- 
sults from typical experiments are shown in Figure A-9.   Here the atomic 

(28)   Corliss,  C.H. and Bozman,  W.R.,  Nat.   Bur.  Stand.  (US) Monograph 
No.  53 (1962) 
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iron production is lower and the output is down correspondingly.    Also, 
since the optimum FeiCO)^ density -n these flash experiments was near 
6 x 10^2 Cm-3,  we were able to show that the forward and backward scat- 
tered atomic iron lasing photons were comparable.    In the discharge experi- 
ments, we operated with nearly 1 x lO1^ cm-3 .Ft(CO)5 and at these densi- 
ties absorption*2*?) 0f the pUmp laser light by the Fe(CO)5 wa^i considerable 
and thercTure the solution to the gain equation for forward and backward 
scattering shows an asymmetry for these conditions,  the forward gain being 
larger than the backward gain.    This was verified experimentally. 

(29)    Lundquiat,  R.T.  and Cris,  M.J.,  J.  Org.  Chem. ^7,   1167 (1962), 
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IV.    SUMMARY 

We have demonstrated succeasful "'avelength conversion of KrF 
laser radiation by optical pumping in a rfitractory metal vapor at room 
temperatures.    The metal vapor has been produced in a scalable manner by 
.otb      ish photo decomposition and discharge decomposition of Fe{CO)5, 
Sing]'        ss amplified spontaneous emission at 300 and 304 nm has been ob- 
serve igreement with theo  etical predictions.    This method of produc- 
tion o^ m^al atoms can be applied to other refractory metals as well,  and 
this approach opens up the possibility of development of a new class of op- 
tically pumoed or R\man pumped lasers not conveniently accessable using 
thermal production techniques. 

The authors gratefully acknowledge fruitful discussions with I.  Itzkan, 
M. Rokni,  J. Mangano and M. Kovacs during the execution of the experiment 
and the participation of A.  Montagna and K. Wildnauer in collect! ■    the ex- 
perimental data. 
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APPENDIX B 

IRON PENTACARBONYL PHOTODISSOCIATION LASER 

Daniel W.  Trainor and Siva A.  Mani 

ABSTRACT 

Laser action was observed when mixtures of Fe(C0)5 and an inert 
gas were irradiated with a focused bea- i of KrF laser radiation (X = 248 nm). 
Single pass amplified spontaneous emission was observed in two wavelength 
regions:   the near UV and the yellow-green.    Measurements made with nar- 
row bandpass filters showed nearly 60% of the output radiation was at 385 nm. 
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Over the past year,  a number of experimental results have been 
reported whereby high power excimer lasers have been used tr produce 
laser action at other wavelengths.    Djeu and Burnham(l* have converted 
the output of an XeF laser (351 nm) to near 585 nm using electronic stim- 
ulateJ Raman techniques with barium vapor produced in a heat pipe.   Loree, 
Sze,  and Barker(2) have used molecular Raman transitions to shift the out- 
put of ArF (193 nm) and KrF (248 nm) to a series of lines in the region 190- 
360 nm using high pressure gases (e. g. ,  H2).    In addition to the Raman 
experiments,   Burnhaml3' has reported stimulated emission from atomic 
indium at 451 nm by the photodissociation of indium monoiodide vapor using 
an ArF laser.    Recently,   Schimitschek,   Celto and Trias^4) have observed 
molecular electronic inversion on the  B2Z;+ -♦ X2S+ transition of the HgBr 
radical by photodissociating HgB^ with an ArF laser.    In our laboratory, 
we have observed lasing in atomic iron (300 nm) through optical pumping by 
a KrF laser. (5)   The atomic iron was produced at room temperature by the 
dissociation of iron pentacarbonyl.    During the course of this work,  we ob- 
served single pass amplified spontaneous emission from the precursor used 
to produce tue iron atoms,   namely the Fe(CO)c. 

At room temperature,  iron pentacarbonyl is a yellow liquid with a 
vapor pressure near 30 torr.    In sunlight or under ultraviolet irradiation, 
it evolves carbon monoxide and dark yellow platelets of iron enneacarbonyl, 
Fe2(CO)9.    The following mechanism has been proposed to explain these 
observations. (6) 

Fe(CO)5   + hv  - Fe(CO)5 

Fe(CO)5
>,!   + Fe(CO)5  -* Fe2(CO)9   + CO 

The infrared,   RamanC7) and ultraviolet^) spectra have been studied by a 
number of workers.    Near KrF wavelengths (248 nm),  it has an absorption 
cross section of 1. 7 x 10"17 cm2.    It has been flash photolyzed to study 
spin-orbit relaxation among the J sublevels of the lowest energy state of 
atomic ironw) and has been investigated in a novel approach to produce 
lasing in atomic iron by direct electron dissociative excitation. (10) 

(T)     Djeu,   N. ,  and Burnham,   R.,  App.   Phys.   Letters 30,  473 (1977). 

(2) Loree,   T.R.,  Sze,   R.C.,  and Barker,   D. L.,   App.  Phys.   Letters 31. 
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Letters 3^,   608 (1977). 

(5) Trainor,   D.W.,   Mani,  S.A.,   30th Gaseous Electronics Conference, 
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(6) Eyber,   G. ,   Z.  Physik Chem.   144A,   1  (1929). 

(7) See for example:   Hutchinson,   B. ,   Hance,  R. L.,   Bernard,   B. B. ,  and 
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Our experimenta, arrangement is shown in Figure B-l.    The pump 
laser is a commercial occimer laser (Tachisto,   Inc. ,  Needham,  MA) which 
was modified to utilize a 50 cm focal length suprasil quartz lens as the out- 
put coupler. (11)   Typical performance characteristics were 30-40 mJ of 
energy,   20 nsec pulse length and focused intensity of nearly a gigawatt/cm  , 
The output was monitored for shot to shot variations by a photodiode and the 
total energy by a energy meter (Scientech model 362).    The focused laser 
beam entered a 30 cm long reaction cell with the maximum flux inside the 
cell approximately 4 cm from the suprasil entrance window.    For this con- 
figuration,   optimum pressures of Fe(CO)5 were near 0. 2 torr.    The output 
from the iron pentacarbonyl was observed in the Torward scattered direction 
by a photodiode with discrimination against KrF photons being accomplished 
through the use of a mirror as well as chemical and narrow bandpass filters. 
Spectrally resolved output is shown in Figure B-2 where lines at 360,   385, 
395,   540,   558 and 563 nm were observed.    Time resolved signals from the 
photodiodes provided a measure of the temporal behavior of the output pulse 
relative to the pump laser pulse and showed the output to be prompt (see 
Figure B-3).    Using narrow bandpass filters,  we were able to show that 60% 
of the observed photons were due to the 385 nm transition with most of the 
rest at 563 nm.    Overall conversion efficiency for this configuration was near 
0. 02%.    Clearly,  transverse pumping should provide more optimum coupling 
of the pump laser to the la sing media. 

The spectral and temporal characteristics of the observed laser out- 
put suggests that inversion is due to an excited molecular electronic state of 
Fe(CO)5 or a photofragment produced in the primary absorption process, 
e. g. ,  Fe(CO)4J|t.    Any process involving chemical reaction or energy trans- 
fer is too slow to be important on the time scale observed for the output 
pulse.    Further experimentation is needed to assess the mechanism involved. 
Also,   repeated irradiation with KrF produces particulate formation (Fe2(CO)Q) 
and eventual reduction in output.    It may be possible to use CO as a buffer gas 
and thereby extend the number of shots available from a single fill.    A number 
of other metal-chelates exhibit similar absorption characteristics and could 
lead to similar lasing action due to photodissociation by high power excimer 
lasers. 

The authors gratefully acknowledge Laboratory support provided by 
Mr.  Anthony Montagna and Mr.   Dilbert Yee. 

(11)   Barker,   D. L. ,  and Loree,   T.R.,  App.  Optics 16,   1792(1977). 

B-5 



KrF  PUMP LASER 

1^^=^ 2 
50 cm LENS 

H27T4 

MIRROR AT 248 nm 

H~m 
QUARTZ 
PLATES 

SAMPLE 
CELL 

NEUTRAL 
DENSITY 
FILTERS 

PHOTODIOOE 

ETHYL 
ACETATE 

NARROW BANDPASS 
FILTER 

PHOTODIOOE 

Figure E-l     Experimental Approach 

B-6 



KrF PUMP 
LASER 

IRON   PENTACAP30NYL 
STIMULATED   EMISSION 

WAVEL ENGTH (nm x 10" 
HI484 

Figure B-2   Optically Pumped Iron Pentacarbonyl Lasing Transitions 

B-7 



OPTICALLY PUMPED IRON PENTACARBONYL 
LASER OUTPUT 

KrF PUMP 
LASER 

IRON 
PENTACARBONYL 

LASER 

H2772 

TIME 

Figure B-3   Experimental Data 

B-8 



m? T 

APPENDIX B 

REFERENCES 

1. Djeu,   N. ,  and Burnham,   R. ,  App.   Phys.   Letters 30,  473 (1977). 

2. Loree,  T.R.,  Sze,   R.C.,  and Barker,   D. L, ,  App.   Phys.   Letters 31, 
37 (1977). 

3. Burnham,  R. ,  App.   Phys.   Letters 30,   132(1977). 

4. Schimitschek, E.J.,   Celto,  J.E., and Trias,  J.A.,  App.  Phys. 
Letters 3_L.   608 (1977). 

5. Trainor,  D.W., and Mani, S.A.,   30th Gaseous Electronics Conference, 
Paper No.   LA-3,   20 Oct.   1977,   Palo Alto,   California. 

6. Eyber,  G.,   Z.  Physik Chem.   144A.   1 (1929). 

7. See for example:   Hutchinson,   B.,  Hance,   R. L. ,   Bernard,   B. B. ,  and 
Hofbauer,  M. ,  J.  Chem.  Phys.  63,   3694 (1975) and References therein. 

8. Lundquist,  R. T   ,  and Cais,  M. ,  J.  Org.  Chem.  27,   1167 (1962). 

9. Callear,  A. J. ,  and Oldman,   R. J. ,   Trans.  Far.  Soc. ,  63 2888(1967). 

10. Rhodes,   G. ,   Ph.D.  Thesis,  University of Utah,   1973. 

11. Barker,   D. L. ,  and Loree,   T.R.,  App.  Optics j^,   1792(1977). 

B-9 



niSTRIBUTlON  LIST 

I 

OKtca oi Na¥»l Br*p*rch,   nrp«rtmptn uf tl.r N«-y,   ArlinRton.   VA ^2217 - Altn:   Phytict Pronram (^ co|it«t) 

Naval Research Laboratury    Department of the Navy,   WaahiRgton,   D. C.   2Ö375 - Attn:   Technical Library (I capyl 

OfTup of SIP Director of De{?na#,   Itctsrefa tiul Engincffrinn,   Informatiun Otlie« Libr&ry Branth.   Th* Pt-ntafio«.   Waihltigtsii,   D. C   20?Ol (I ropy) 

U.S.   Army Bei^arch Office.   B«t CM,   Chikp Slatiati.   Durhftfn,   N.C   27706(1 copy) 

Drtenie Documentatior Center.   Cameron Station.   Alexandria,   VA ?23)4 ('Z copiep) 

Det-nder 1'iioFniatiün Analyiii Center,   Lattelle Memorial Inatitute,   IÖi King Avenue,  Columbua,  OH 43201 (I  copy! 

Cjtv.tuanding Officer,   Office -jf Naval Roaearch Branch Office,   53b ^outh Clark Street,   Chicago,   IL bOfel ^ f 1  copy! 

New  York Area Office,   Office uf Na.al RF*ear. h,   7IS Broadway  l5th Floor),   N» w YorV,   NY  10003  . Attn;   Dr.   UHag Rtwe {]  copy) 

San FranciEco Area Office,   Office of Naval Reaesrch.   7(^0 Market Street,   Room 44?,   San f rancilco,   CA 94 1 02 U copyl 

Air Tcrce Office of Scientific Resea   ch,   Department of the Air  force,   Washington.   D. C    22209 {1  copy) 

Office .il" Naval Research Branch Office,   1030 East Green Street,   Paaadena.   CA itlöb - Attn;   Dr.   Robert BehringPr il  cupyi 

Code 102 IP (ONRL'.   Office of Na.pl Reiearch.   800 N-  Qutncy Street,   Arlington,   VA 22217 (6 copies! 

defense Advanced Research Project» Agency,   1400 Wilton BUd. ,   Arlington,   VA 22209 - Altn:   Strategic Technology Office (I copy! 

Office Director of Defense,   Rcseari.;! &  Engineerinj;,   The Pentagon,   Waahington,   D. C,   20301   - Attn     Afliftttnt Director (Space and Advanced Systtma) ■■   copyj 

Offu ;- ui the Assistant Secretary of Dafenae,   System Anatyaia (Strategic  ProgramBl,   Washington,   D. C.   20301 - AtlHi   Mr.   OeraldR.   McNu hoi« (1  copy) 

U.S.   Arms Control and Disarmament Agency,   Depl.   o( Slate Bldg   ,   Rm.   4931,   Waahington,   D. C,   30451  - Attn:   Dr    Charles Henkln il  copy) 

Energy Research Development Agency,   DlvlllOfl of M.Utary Applications,   Washington,   ij, C.   20S45 11  copy] 

National AerunauticB and Space Administration,   Lewis  Reeearch Ceflttr,   Cleveland,   OH 44135  - Attni   Dr.   John W,   Dvinntng,   Jr.   (1  copy) 
(Aerospace Res.   Engineer! 

Natiunal Aeronautic» fc Space Admiiüatration,   Code RR,   FOB 10B.   600 Independence Ave. .   SW,   Waahington,   D. C.   20'i4b II  copy) 

Nstinnal Aeronautic* and Space Adminiatratior,   Ames Research Center,   Moftetl Fieiü,   CA S4035 - Attn:   Dr,   Kenneth W,   Billinan (1  copy i 

py! Department of the Army,   Office of the Chief of BC^ A.   Wa*hiniiton,   D-C.   20310 -Attn:   DARD-DD{ 
DAMA-WSK (1 apy) 

Department of the Arm>,   Office of the Deputy Chief of Staff lor Operations i.  Plans,   Washington.   DC-   203)0 -Attni   DAMO-RQD - 11 copy) 

Mi ile Defense  Prugram Ofiict- (BMDPO),   The Commonwealth Building,    ! 300 W .laon Blvd. ,   Arlington,   VA 22^09 - Attn:   Mr-   Albert.)-   Bait,   Jr. 
fl copy) 

L'.S.   Army Missile Command.   Research &  Development Division.   Redstutie Ara.-nal,   AL 35K0£t - Attn:   Army High Fnergy  Laser Programs (2 copies) 

Commander.   Rouk Island Arsenal,   Rock island.   IL 61201,   Attn;   SARRI-LR.   Mr.   ,T   W.   McGarveyU  Copy) 

Commanding Officer,   U.S.   Army Mobility Equipment R&D Center.   Ft.   Belvcir,   VA 22U60 - Attn:   SMEFB-MW  (1  copyl 

Commander.   U.S.   Army Armamenl Command,   Rock Island,   IL 61201  - Attn:   AMSAR-RDT (I  copy) 

Director.   Ballistic Missile Defense Advanced Technology Center,   P.O.   Box 1500,   Huntsville AL 35807 - Attn;   ATC-O [1  copy) 
ACT-T (1  copy) 

Commander,   U.S.   Army Material Command.   Alexandria,   VA 22104 - Attn;   Mr.   Paul Chernoff (AMCRD-Tl (1  copy) 

Commanding General,   U  ?.   Army Munitions Command,   Dover,   NH 17801  - Altn;   Mr.   Ciioert F.   Cbeanov (AMSMU-R) (1 copy) 

Director,   U   S,   Army ballistics Res.   Lab,   Aberdeen Proving Ground,   MD 21005 - Attn:   Dr.   Robert Eichenbergt-r (1 copy) 

-Commandant.   U.S.   Army,   Air  Defense School.   Ft.   Blia».   TX 7991^ - Attn:  Air Defense Agency (1 copy) 
ATSA-CTD-MS (1  copy) 

Commanding r.ei.eral,   U.S.   Army Combat Dev,   Command.   Ft.   Beävoir,   VA 22060 - Attni   Director oi Materlal,   Missile Div.   (Icopy) 

Commander,   U.S    Army Training &  Doctrine Command,   Ft.   Monroe,   VA 23651  - Attn:  ATCD-CF (1  copy) 

Commander,   U.S    Army Frank.V. d Arsenal,   Philadelphia.   PA  191 37 - Altn:   Mr.   M.   tlnick SARFA-FCD Bldg.   201-3(1  copy) 

Commander,   U.S    Army E'ectromce Command,   El.    ^lu., louth.   NJ 07703 - Attn:   AMSEL-CT-L,   Dr.   R.G-   Buser (Icopy) 

Commander.   U.S.   Army Combined Arms Combat Developments Activity.   Ft.   Leavenworth,   KS 66027 jl  copy) 

National Security Agency.   Ft.   Oeo.   C   Xleade,   MD 20755 - Attn:   R. C,   Fo«s A763 (I  copy) 

Depcty Comrriandant for Combtt ^  Training Developments.   U.S.   Army Ordnance Center and School,   Aberdeen Proving Ground,   MD 21005 
Attn:   ATSL-CTD-MS-R il  copy) 

Commanding Officer,   USACDC CBR Agency,   Ft.   McClellan,   AL 36201   -Attn.   CDCCBR-MR  (Mr.   F.D.   Poor) (1  copy) 



DISTKIBUTION LIST 

Oliiei of Naval Ret*«rch,   Departm^nl ol the Na'y,   Arlington,   VA ZZZ17 - Attn:   Phyaic« Program (3 eopica} 

Navsl 8f «parih Laboratury,   Pepartmpnt üf the Navy,   Waihingten.   D. C-  20375 - Attm  Technical library {1 copy) 

Office of t le Dlrevtor of Pefenae,   Re-earch add Engineering,   Information Office Library Branch,   The PentiRon.   Waahington,   D, C    203Q1 (I  copy) 

u.a.   Army Reatarch Otflce,   Sox CM,   Duke Station,   Durham.   N. C,   27706 [1 copy) 

DF!PH§«> DoLumenlalion Center,   Cameron Staiion,   Alexandria,   VA 22114 i'Z copieal 

DFi-sider Iniüi-matiun Analyiia Center.   f-aHeite Memorial Jnatitute,   505 King Avenue,   Columbua,   OH 41201  (1  copyl 

Commandtng Officer,   Office ^f Nav»l Beaearch Branch Office,   53h äouth Clark Street,   Chicago,   IL hQfel 5 ü copy) 

New Yötk Area Office,   Office of Na.al ReSearrh.   715 Broadway (5th Floor),   Ntw York,   NY  10003  - Attn:   Dr.   Ir-ing Rowe .5  copy) 

5»n Franci^o Area Office,   Office of Naval Beaeai-ch,   ?fc0 Market Street,   Room 447,   San T ranciacu.   CA 941 02 (I  copy) 

Air F^fce Office of Scientific Resea   ch.   Department of the Air Force,   Waahington.   D. C    27.209 ü copy) 

Office of Naval Retearch Branch Office,   1030 East Green Street,   Psiadena.  CA 91106 • Attn:   Dr.   Robert Behrtnger (I copy) 

Code  102 IP (ONRL>,   Office of Naval Reiearch,   800 N.   Quincy Street,   Arlington,   VA 22217 lit copies) 

Defense Advanced Research Project» Agency.   1400 Wilaon Blvd.,  Arlington,  VA 2Z209 - Attn;   Strategic Technology Office [1 copy) 

Office Director of Defen»c,   Research fe Engineering,   The Pentagon,   Wftthington,   D. C   20301 -Attn:   Asaiatant Director iSpace »nd Advanced Syatemi I (1  copy) 

Office of the Assistant Secretary of Lsfenae,   Syatem Analyiii (Strategic Program» I,   Washington,   DC   20301 - Attn:   Mr,   Gerald R.   McNuhola (1 copy) 

U.S.   Arms Control and Disarmament Agency,   Dept.   if State Bldg  ,   Rm-  4931,   Waahinston,   D. C.   20451 -Attn:   Dr    Charles Henkln {1 copy) 

Energy Research Development Agency,   Division of Military Applications,   Washington,   u. C.   20545 {I  copy! 

National Aeronautic» and Space Adminiatratton,   Lewis Research Ci-nter,   Cleveland,   OH 44115 - Ann:   Dr.   John W.   Dunning,   Jr.   [1 copy) 
(Aei-oBpace Res.   Engineer' 

Natiensl Aeronautic» & Space Administranen,   Code RR,   FOB10B,   ä00 Independence Avp. ,   5W,   Washington,   D. C-   20iS4fc (1 copy} 

National Aeronautics and Space Administration.   Ames  Research Center,   Moilett Fielu.   CA 94035 - Attn:   Cr.   Kenneth W.   Billman (1  copy) 

Departmen: of the Army,  Office of the Chief of RD^A,   Washington,   D. C.   20310 - Attn:   DARD-DD il copy} 
DAMA-WSM-T fl copy) 

Department of the Army,   Office of the Deputy Chief of SUff for Operations 6» Plans,   Waahinglon,   D.C.   20310 - Attn:   DAMO-RQD - (1 copy) 

Ballistic MiBBile Defense Program Office (BMDPOI,   The Commonwealth Building,   1300 W.laon Blvd. .  Arlington,   VA 2220^ - Attn;   Mr.   Albert J.   Btttt,   It, 
il   copy) 

U.S.   Arniy Misaile Command,   Research tt  Development Division,   Redsttne Arsenal,   AL 35809 - Attn;   Army High Energy Laser Programs (2 copies) 

Commander,   Rock Island Arsenal,   Rock Island,   IL 61201,   Attn:   SARRI-LR,   Mr.   3   W,   McGarveyil  copy) 

Commanding Ollicer.   U.S.   Army Mobility Equipment &&£) Cental'.   Ft.   Belvcir,   VA 22060 - Attn:   SMEFB-MW  (1  copy) 

Commander.   U. S.  Army Armament Command,   Rock Island,   IL 61201 - Attn:  AMSAR-RDT (1 copy) 

Director,   Ballistic Missile Defense Advanced Technology Center,   P.O.   Box 1500,   Huntsville AL 3580? - Attn:   ATC-0 (1  copy} 
ACT-T (1 copy) 

Commander,   U.S.   Army Material Command.   Alexandria.   VA 22104  - Attn:   Mr.   Paul Chernoff (AMCRD-T) (1  copy) 

Commanding General,   U  S.   Army Munitions Command,   Dover,   NH 17801 - Attn:   Mr.   Gilbert F.   Cheönov (AMSMU-R) (1 copy) 

Director,   U.S.  Army Ballistics Res,   Lab,  Aberdeen Proving Ground,   MD 21005 - Attn:   Dr.   Robert Eichenbergcr (1 copy) 

Commandant,   U.S.  Army,   Air Defense School,   Ft.   Bliss,   TX 79916 - Attn:   Air Defense Agency (1 copy) 
ATSA-CTD-MS (1   copy) 

Commanding General.   US-   Army Combat Dev.   Command,   Ft.   Belvoir,   VA 22060 - Attn:   Director of Material,   Missile Div.   (1 copy) 

Commander,   U. S    Army  1 raining 4   Doctrine Command,   Ft,   Monroe.   VA 23651  - Attn;   ATCD-CF (1  copy) 

Commander,   U.S.  Army Franks, d Arsenal,   Philadelphia,   PA 1913T - Attn:   Mr.   M.   tlnick SAR FA-FC D Bids.   201-3 (J copy) 

Commander,   U.S.  Army Etectronics Command,   Ft.   viu.. louth,  NJ 07703 - Attn;   AMSEL-CT-L,   Dr.   R  G    Buser (1 copy) 

Commander.   U. S.   Army Combined Arms Combat Developmonts Activity,   Ft.   Lcavenworth,   KS 66027 (1 copy) 

National security Agency,   Ft.   Geo.   G.   Meade,   MD 20755  - Attn:   R.C.   Fost A763 (1 copy) 

Deputy Commandant ^or Combtt & Training DevelopmentP,   U.S.   Army Ordnance Center and School.   Aberdeen Proving Ground,   MD 21005 
Attn:   ATSL-CTD-MS-R [1 copy) 

Commanding Officer,   USACDC CBR Agency,   Ft.   McClellan,  AL 36201  -Attn;  CDCCBR-MR {Mr.   F. D-   Poer)(l copy) 



DISTRIBUTION LIST (t'onlimicd) 

Department ol the Nnvy,   OffUfl of the Chie( of Naval Operationa,   The Pentagon 5C?39,   Wathinglon,   DC.   20350 - Atln:   (OF WtFSl (1 copy) 

Office of Naval Reae«rch llranch Office,   4l»,ii Summer Sin .i.   Boaton,   MA 02210 - Attn:   Dr.   Fred Quelle (I lopyl 

Dfpartment of the Navy.   Deputy Chief ü{ Navy M»tefl»UDev   ),   Washington,   D. C.  20i60 - Attn'   Mr.   R.   CaylordiWAT Ü52B) Ü cepyj 

N«v«l Mlaaile Center,   Point Mugu,  CA 4)042 - Attn:  Cary Oibbe (Code Snt) (1 eopyl 

Naval Keaearch Laboratory,   Waihington,   D. C    20375 - Attn;   (Code S503-EOTPO) (I  ropyl 
Dr.   P.   Uvlnutton - Code 5560 (I copyj 
Dt.   A.   1.   Schindler  - Code bOüO (1 copy) 
Dr.   H,  Shenker - Code 5^04 (1 iopy» 
Mr.   D. J.   McLaughlin - Code 556Q (I copy) 
Dr.   John L:   Walah - Code 5503 |] copy) 

High Energy Laser Project Office,   Department of the Navy.   Naval Se« Syatema Command,   Washington,   D. C.   20360 - Altn:   Capi.   A-  Skolnici<, 
USN (PM 22M! copy) 

Superintendent,  Naval Poatgraduat? School,   Monterey,  CA 93940 - Attn:   Library (Code 2124) (1 copy) 

Navy Radiation Technology,  Air Force Weapons LaMNLO),   Kirtland AFB.   NM 87U7 (1 copy! 

Naval Surface Weapons Center,   While Oak.  Silver Spring,   MD 20910 - Attn:   Dr.   Leon H    Schindel (Code 310) (1 copy) 
Dr.   E.   Leroy Marria (Code 313) (1 copy) 
Mr    K.   Enkenhaas (Code 034) |1  copy) 
Mr.   J.   Wiae (Code 04?) (1 i opy) 
Technical Library (1 copy) 

U.S.  Naval Weapons Center,  Chin» '„ake,   CA 93555 - Atm  Technical Library (1 copy) 

HQ USAF iAF/RDPS),   The Pentagon,   Washington.   D. C.   20330 - Attn: U.   Col.   AJ-  Chiota (I copy) 

HQ AFSC/XRLW,  Andrews AFB.   Washington.   D-C.   20331 -Attn;   Maj.   J. M.   Walton H copy) 

HQ AFSC IDLCAW).   Andrews AFB,   Washington,   DC.   20331 -Attn;   Maj.   H.  Axelrodil .-opy) 

Air Fut-re Weapons Laboratory,   KirtUnd AFB,   NM 87117 - Attm   LR (1 copy) 
AL (1 copy) 

HQ SAMSO (XRTD).   P.O.   Bo« 92960.  Worldway Postal Center.   Lo» Angeles,   CA 90009 - Attn:   Lt.   Dorian DeMaio iXHTDi (I copy} 

AF Avionics Lab (TEO).   Wright Patterson AFB.   OH 45433 - Attn;   Mr,   K.   Hulchinson (1 copy) 

Dtpi.  of the Air Force,   Air Force Materials Lab.   (AFSC).   Wright Patterson AFB,   OH 45433 - Attn;   Maj.   Paul Elder (LPS) (1 copy) 
Laser Windjw Croup 

HQ Aeronautical Systems Div. ,   Wright Patterson AFB,   OH 45433 - Attn:   XRF - Mr.  Clifford Fawretl (1 copy) 

Rome Air Development Command,   Griffisi AFB.   Seme,   NY 13440 - Attn:   Mr.   R.   UrU (OCSC) (1 copy) 

HQ Electronics Systems Div.   (ESL),  L. G. Hanacom Field, Bedford,   MA 01 730 - Attn:  Mr.  Alfred E.  Anderson (XRTi (1 copy) 
Technical Library (1  copy) 

ALr Force Rocket Propulsion Lab. ,  Edwards AFB,   CA 93523 - Attn:   B. R.   Bornhotst,   (LKCC) (1 copy) 

Air Force Aero Propulsion Lab,.   Wright Patterson AFB,   OH 45433 - A'tn;   Col.   Walter Moe (CC) (1  copyi 

Dept,  of the Air Force,   Foreign Technology Division,   Wright Patterson AFB,   OH 45433 - A'tn;   PDTN (1 copy! 

Commandant M the Marine Corps.  Scientific Advisor (Code RD-I f,   Washington,   D,C,   203B0(lcQpy) 

Aefoapaize ReBtarch Labs. ,   tAPt.  Wright Patterson AFB,  OH 45431 - Attm   Lt.   Col,   Max Duggins {I copy) 

Defense irtelligen-e Agency,   Washington,   D. C.   20301 -Attn;   Mr.  Seymour B^rler (DT1B! (1 copy) 

Central Intelligence Agency,   Washington,   DC,   20505 -Attn;   Mr.   Julian C.  Nallfl copy) 

Analytic Services.  Inc.,   5613 Leesburg Pike,   Fall» Church,   VA 22041  - Attn:   Dr.   John Davis (i copy! 

Aerospace Corp. ,   P.O.   Box Qi957,   Los Angele»,   CA 90009 - Attn:   Dr.   G. P.   Millburn (1 copy, 

Airesearch Manuf.  Co.,   9851-995! Sepulveda Blvd. ,   Lo» Angeles,  CA 10009 - Attn-   Mr.  A.   Colin SUncliffe (1 copy) 

Atlantic Research Corp. ,   Shirley Highway at EdsiU Road,  Alexandria.   VA 22314 - Attn;   Mr.   Robert Nai»mith (I c    »"1 

Avco Everett Research Lab. ,   238 " Revere Beach Parkway,  Everett,   MA 02149 - Attn;   Dr.   George Sutton (i  copy) 
Dr.   Jack Daugherty (' topy) 

Battelle Columbu» Laboratorie».   50S King Avenue,  Columbu»,   OH 432^1  - Attn:   Mr,   Fred Tiefzel (STPIAC) (1 copy) 

B^ll Aerospace Co.,   Buffalo,   NY 14240 - Attn;   Jr.   Wayne C.  Solomon (1 copy) 

Boeing Company,   P.O.   Box 3999,  Seattle,   WA 98124 - Attn:   Mr.   M.I.   Gamble (2-,  460.   MS 8C-88I (1 copy) 

Electro-Optical Systems,   100 N.   Halsteaw,   Pasadena,   CA 91107 - Attn:   Dr.  Andrew Tenaen (I copy) 

ESL,  Inc. .  495 Java Drive.   Sunnyvale,   CA 94086 - Attn;   Arthur Einhorn it  copyj 



DtSTBiRUTlON I.IST {Continued) 

Oern-ral ilectric Co..   Spmc* DivliioR,   P-O.   Box 8S^5,   PMUdelphln,   PA 19101 - Attn:   Dr.   R. R.  Sinltmonti {I copy» 

Cpneral Elemic Co. ,   100 Pl»8tic# Avenur,   Pittsfleld,   MA01Z01  • Mtm   Mr.   DC.  Harrington fRm.   10441(1 copy) 

General Beiearch Corp, ,   P, O.   Box 35H7,  S*nU Barbar«.   CA 9310^ - Attnj   Dr.   R.   Hotbrook (1 copy) 

Oncral Keseanrh Corp..   IS01 WtUon Blvd.. Suite 700,   Arlington,  VA 22209 - Attn;   Dr.   Cilea F.  Crimi (1 copy) 

Hircy'   ■,   Inc..   induitrial System Drpt. ,   Wilmington,   DE 19899 -Attn;   Dr.   R,S.   Voria(lropy) 

HerruU».   Inc.,   P.O.   Rox210,  Cumberland,   MP 21 "^ - A^tm   Dr.   Ralph R.   Preckel (1 copy) 

Hiighea Reaearh Lab*. ,   301!  Malib» Canyon Road,   MauUi,   CA 90265 - Attn:   Dr.   D.   Forater (1 ^opy) 

Hughea AircrafL Co. ,   Aerospace Group - Syatema Division,   Canoga Park.   CA 91 SO'* - Attn;   Dr.   Ja».'' A.   Alcalay (1 copy) 

Hughea Airrtaft Co.,   Ce.itinela and Tcale Street»,   Bldg.  6,   MS E-U*,  Culver City,  CA 90230 - Attn:   Dr.   WilUam Yatr» (I copy) 

hütitute for Defense Analyse».  400 Army-Navy Drive,   Arlington,   VA 22202 - Attn;   Dr.   Alvin Schniuler (1 copy) 

Johns Hopkins University,  Applied Physics Lab. ,  8621 QeorgU Avenue,   Silver Spring,   MD 20910 - Atttn   Dr.  Albert M. Stone (1 copy) 

Lawrence Llvermore Laboratory,   P.O.   Box 808.   Livermore,   CA 94550 - Attn;   Dr.   R,E.   Kldder (I copy) 
Dr.   F    Teller (1 copy) 
Dr.  Jo« Fleck i! copy) 

Los AUmoi Scientific Laboratory,   P.O.   Box "■63,   Los Alamos,   NM 87544 - Attn:   Dr.   K«UK Boy^r (I copy) 

Lulejian and Associates,   Inc.,   Del Amo Financial Center.   2151 5 Hawthorne Blvd.   - Suit« 500,   Torrance,   CA 90503 jl copy) 

LoCK..eed Palo Alto Res.   Lab..   3251  Hanover St. ,   Palo Alto,   CA 94303  -Attn;   L, R,   Lunaford,   Orgn.   52-24,   Bldg-   201  (1  copy) 

Mathematical Science» Northwest,  Inc.,   P.O.   Box 1887,   Belle   -e.   WN «8009 - Attn:   Dr.   Abraham HerUberg (1 copy) 

Martir, Marietta Corp. ,   P.O.   Box 179,   Mail Station 0471.   Denver,   CO 80201 -Attn;  Mr.  Stewart Chftpin {! copy) 

Massachusetts Institute of Technology,   Lincoln Laboratory,   P.O.   Box 73.   Lexington.   MA Ü2l"3 • Attn:   Dr.  S>   Fdelberg (! copy) 
Dr.   L-C.   Marquet (1 copy) 

UcDortnell Douglas Astronautics Co. .   5301 Bolaa Avenue,   HuntltigtQn Be^ch.  CA 92647 - Attn;   Mr.   P. L.   KUvakt,   Dept. A3-830.BBrO,   M/S 9 (1 copy) 

McDonnell Douglas Research Labs. ,   Dept.  220.   Box 516. St    Louis,   MO 6316b - Attn:   Dr.   D. P, Ames (1 copy) 

MITRE Corp. ,   P.O.   Box 208,   Bedford,   MA Ol?'^ - Attn;   Mr.  A.C.  Cron (1 copy) 

North American Rockwell Corp. ,  Autonetics Div. ,  Anaheim.  CA 92803 - Attn:   Mr.   T. T.   Kumagi,  C/476 Mail Code HA18 (1 copy) 

Northrop Corp. ,   3401 West Broadway,   Hawthorne,   CA 90250 - Attn;   Dr.  Gerard Hasserjian,   Laser Systems Dept.   0 copy) 

Dr.  Anthony N-   Pirn,   Physical Science».   Inc.,   18 Lakeside Office Park,   WakofieH,   MA 01880 U copy) 

RAND Corp. ,   1700 Main Street, Sat.ta Monica,  CA 90406 - Attn:   Dr. C R.   Culp/Mr.  G. A    Carter fl copy) 

Raytheon Co. ,   28 Seyon Street,   Waltham,   MA 02! ^^ - Attn:   Dr.   F, A.   Horrigsn (RHIJ.   Div. ) (1 copy) 

Raytheon Co. ,   Boston Post Road.  Sudfaury,   MA 0)776 - Attn;   Dr.   C.  Sonnenschien (Equip.   Div. ) (I copy) 

Raytheon Co. ,   Bedford Labs,   Missile Systeme D;v   ,   Bedford,   MA Q173Q - Attn:   Dr,   H.A.   Mehlhorn (1  copy) 

Riverside Research institute,   80 West End Street,  New York.   NY 10023 -Attn;   Dr.   L. H.   O'NeillU copy) 
Dr.   John Bose (1 copy) 
(HPEGL Library) (1 cop.^) 

R^D Associates,  Inc.,   P.O.   Box 3580,   Santa Monica,   CA 90431  -Attn;   Dr.   R. E.   LeLevier (I copv' 

Rockwell International Corporation,   Rocketdyne Division,  Albuquerque District Office,   3636 Menaul Blvd. ,  NE,  Suite 211.  Aibuquerque,  NM 87110- 
Attn:  C.K.  Krau»,   Mg:    (1 copy) 

SAND1A Corp. ,   P. O.   Bo-.  5800,   Albuquerque,   NM 87115 - Attn;   Dr.  Al Narath (1  copy) 

Stanfc-rd Research Inattt-Ue.   Menlo Park,   CA 94025 - Attn:   Dr.   F. T.   Smith (I copy) 

Science Applications,   Inc.,   1911 N.   Ft.   Meyer Drive,   Arlington.   VA 2220^ - Attn:   L.   Peckam (1 copy) 

Science Applicationn.   Inc.,   P.O.   Box 32b,  Ann Arbor,   M^ 48 03 -Attn;   R. E.   Meredtthd copy) 

Science Applications,   Inc.,   6 Preston Court,   Bedford,  H.'. 01703 - Attn;  R. Greenberg (1 copy) 

Science Applications,   Inc.,   P.O.   Box 2351,   La Jolla,   C.V 92037 - Attn:   Dr. John Asmu» (1 copy) 

Systems,   Science and Software,   F. O.   Box 1620,   La Jolla,  CA 9Z0-;7 - Attn:  Alan F.  Klein (1 copy) 

Systems Conuultante.   Inc.,   1050 Hat Street.   NW,   Washington,   DC.  20007 - Attn:   Dr.   R. B.   Keller (1 copy) 

Thiokol Chemical Corp. ,   WASATCH Division,   P.O.   Box 524,   Brigham City,   UT 84302 -Attn;   Mr. J. E.  Hansen (3 copy) 

TRW Systems Group,   On- Space Park,   Bldg,  R-l,   Rm.   105C    Redondo Beach,  CA 90278 - Attn:  M..  Norman Campbell (1 copy) 

United Technologies Research Center,  400 Main Street.   East Hartford,   CT 06108 - Attn:   Mr.   G. H-   McLafferty (3 copies) 



DISTBIBUXr.N LIST IContimied) 

United Technologie! RB»«»rch Cenler,   Fratt «nd Whitney Aircr^ l: Div.,   Florida R&D Cvntei,   Weit Palm Beach,   PL 33402 Attn:   Dr.   R. A.  Schmidtke (I copy) 
Mr.  Ed Pinaley (1  copy) 

VARl-.N Aiaociate»,   EiMAC Dlvlalon,   301 Indmtriai W#y,  Sat. Carloa,   r;A 94070 - Ann:  Mr.   Jack Qulnn (1 copy) 

Vought SyBtema Dlvlaion,   LTV Aeroi-^r-    Corp..   P.O.   Box '   Q?,   DalUe,   TX 75^*2 - Altn:   Mr.   F. C-  Slmpaon,   MS 254142 (1 copy) 

Weatingh^aae Electric Corp.,   Defeni« au 1 SD«I;* Center,   B^it-Waih,  lnternatior.al Airport - Box 746,   Baltimore,   MD 21203 -AH      Mr.   W. F.   List (1 copy) 

Weatirghouic Re ,  *rch Laba   .   cifilah Road.  Cnurthill Boro,   Pittsburgh,   PA 15235 - Attnj   Dr.  E. P.   Riedel (1 copy) 

Unit   " Technolopiea Reaearch Center,   E:r.at Hartford,   CT 06108 - Attn:  A. J.   DeMari» (1 copy) 

Airborne Initrumenta Laboratory,   Walt Whitonan Road,   Melville.   NY 11746 - Attn:   F.   Pace (1 copy) 

General Electric RhD Center,  Schenectady.   NY 12305 - Attn:   Dr.   Donald White {1 copy) 

Cleveland State University,   Cleveland,  OK 4411 5 - Attn:   Dean j£=k Soulea (1 copy) 

EXXON Re-earch and Fnglne'-ing Co. ,   P.O.   Box 8,   Linden,  Nj 07036 - Attn:   D.  Crafttoln (1 copy) 

iWersity of Maryland,   Department of Phyeice and Aatr.nomy.   College Park,   MD 20742 - Attn:   D.  Currie (1 copy) 

SyWania Elective Product!,   Inc..   100 Fergeaon Drive,   Mountain Vie*.  CA 94040 - Attn:   L. M.   Oüterink (1 copy) 

North American Rockwell Corp. ,  Autonetica Diviilon,   3370 Mlraloma Avenue,  Anaheim,  CA •■,803 - Attn:   R.   Gudmundien (1  copy) 

Masaachuaette Inititute of Technoloay,   77 Maaaachuaetta Avenue.  Cambridge,  MA 02138 - Attn:   prof.  A.   Javan (1  copy) 

Lockheed MUsU« fc Space Co.,   Palo Alto Reaearch Laboratorlea,   Palo AUo,  CA 94304 - Attn:   Dr.  R.C.  Ohlman (1 copy) 

1LC Laboratoriet,  Inc.,   164 Commercial Si-eet,  Sunnyvale,  GA 94086 -  Mtn:   L.  Noble {1 copy) 

Univeraity of Texai at Dallaa,   P.O.   Hox 30365,   Dallas.   TX 75230 - Attn:   P.-of.  Carl B.  CoUlna (1 copy) 

Pob-*..-   -\mc Inititute of New York,  Rt.   110,  Farmlngdale.  NY 11735 - Attn:   Dr-  William T.   Walter (1 copy) 


